F lu o rom anganate(III), C rystal S tru cture. M agnetism , N eu tro n D iffractio n , M anganese(III) An X -ray single crystal stru ctu re d eterm in atio n (m onoclinic, space g ro u p P 2 ,/c, a = 573.6(2), h = 489.2(1), c = 574.8(2) p m ./? = 108.07(2) , Z = 2; wR = 0.038 for 380 reflections) shows th a t N a M n F 4 crystallizes in the sam e layered stru ctu re type as L iM n F 4. In the q u ad ratic layers the M n -F -M n bridges are strongly asym m etric, due to the Jah n -T eller effect, leading to an antiferrodistortive o rd er o f elongated o ctah e d ra. T he bridging angle is 138.4 . T he N a + ions are 6-coordinated as well. The com m on stru ctu ral arran g em en t o f both [M n F J and [N a F J octahedra shows topological relation to the rutile stru ctu re. In the m agnetic m easure m ents perform ed on pow der sam ples N a M n F 4 behaves as an a n tiferro m ag n et with a w eak fer rom agnetic com ponent below 13 K. By neu tro n diffractio n on p o w d er ( 4 -7 0 K) a m agnetic cell doubled along the «-axis is found and below a Neel tem p eratu re o f T N = 13 K the m agnetic structure shows colinear antiferro m ag n etic a rran g em en t o f the spins p o in tin g slightly ( 1 6 ) out o f the layer plane. The resulting m agnetic m om ent is 3.52 /zB.
Introduction
A M nF4 com pounds (A = K, Rb, Cs, Tl, N H 4) have layered structures deriving from the T1A1F4 type as shown by several single crystal X-ray inves tigations of the Cs [1, 2] , Tl [3] , and K [4] com pounds, and by powder diffraction work [5] , Ow ing to the strong Jahn-Teller effect of the d4 high spin configuration of octahedrally coordinated M nu , the [M nF J groups show antiferrodistortive ordering of their elongated axes within the quad ratic layers. According to the rules for a-superexchange, ferromagnetism has been found for C sM nF4 [1] , By magnetic investigations on the Rb, N H 4 and K [6] and the Tl [3] com pounds it has been shown that for smaller cations and, in conse quence, for smaller M n -F -M n bridge angles, a transition to antiferromagnetic behaviour occurs. Within the scope of investigations on low-dimensional magnets we have been interested in the A M nF4 com pound with the next smaller alkali cation and are presenting here the results of an X-ray single crystal structure determ ination, and * R eprint requests to Prof. Dr. W. M assa.
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0932-0776/91 1200-1669 $01.00 0 of magnetic and neutron diffraction measurements on N aM nF 4. For this com pound only therm odyn amic data had been published until now [7] [8] [9] .
Experim ental
Single crystals of N aM nF 4 were obtained by reaction of N aF and M nF 3 in a sealed platinum tube. The stoichiometric mixture was first heated at 800 C for 45 h, slowly cooled to 650 C, and then cooled down faster to room temperature. A transparent brown platelet of about 0.175x0.150x0.025 mm was used for X-ray film exposures on a precession camera and for intensity measurements on a 4-circle diffractometer (C A D 4, Enraf-Nonius). The space group was found to be P 2,/c from the systematic absences h 0/: I = 2 n + 1, 0 k 0: k = 2n + \, with Z = 2 as in the case o f LiM nF4 [10] . The monoclinic lattice constants were refined with 25 high-angle reflec tions to a = 573.6(2) pm, b = 489.2(1) pm, c = 574.8(2) pm, ß = 108.07(2)° giving dc = 3.334 gem -3.
The 455 reflections (0: 2 -30°; h\ -8 -+ 8 ; k: 0 -6 ; /: 0 -8 ) were collected in a)-scan mode using graphite m onochrom ated M oK a-radiation. After elimination o f unobserved (F0 < 3 a) and averag ing of symmetry equivalent reflections, 380 F 0 data remained for the refinement of the structure.
No absorption correction has been applied (// = 41.51 cm -1). The calculations were made with the SHELX-76 program system [11] . The structure was refined starting from the atomic param eters of LiM nF4 [10] in the space group P 2,/c with aniso tropic tem perature factors to R = 0.0394 and w7? = 0.0383 (weights w = l/er:(F0)) using scatter ing factors for ions [12] . An anom alous dispersion correction [13] was included and an empirical ex tinction param eter e = 5 -10"7 was refined, based on the relation Fc(corr) = F c( l -£ F c2/sin0). The re sulting atomic param eters are compiled in Table I *.
Besides, powder samples of N aM nF 4 were pre pared for magnetic measurements via the reaction 2 N aF + M n20 3, both dissolved in 40% H F, and let to evaporate. Those measurements have been carried out using both a vibrating sample m agne tom eter (Foner) and a Faraday m icrobalance, in a tem perature range from 4.2 to 300 K.
Neutron diffraction studies have been per formed on the same powder, using the D IB dif fractom eter at the Institute Laue Langevin in Grenoble. The incident wavelength was 252.4 pm. The sample was loaded in a vanadium container and the patterns were recorded in the 6 -86 20 range for the 4 -7 0 K tem perature range. The crys tallographic and magnetic structures were refined using the Rietveld profile technique with Young's program [14] . The magnetic form factor o f the manganese atoms was tabulated from the values of P. J. Brown [15] , Listings o f the stru ctu re factors are available from F achinform atio n szen tru m K arlsruhe, G esellschaft für w issenschaftlich-technische
In fo rm atio n m bH , D-7514 E ggenstein-L eopoldshafcn 2, F .R .G ., under specification o f deposit No. C SD 55851, a u th o rs and jo u rn al reference.
Results and Discussion o f the X-R ay Structure D eterm ination
N aM n F 4 belongs to the wide group of com pounds with structures related to the T1A1F4 type. The [M nF6] octahedra form quadratic layers p ar allel to the (100) plane by sharing four corners (Fig. 1) . Those [M nF4] layers are separated by lay ers of 6-coordinated Na cations (Fig. 4) . The to pology of interconnection of both kinds of octa hedral groups corresponds to that of the rutile structure, as was pointed out for the isostructural LiM nF4 [10] and LiCoF4 [17] compounds by Hoppe, Ferey and coworkers.
The M n3+ Jahn-Teller ion induces a strong elon gation o f the [M nF6] octahedra (long M n -F 216.7(3) pm), and it is noticeable that this effect is more pronounced in the present case than in any other com pound of the A M nF 4 (A = alkali metal) series (Tables II, III) . The long axes are antiferro- distortively ordered within the layers. Thus, the dis tances in the two shorter axes are split into very short terminal bonds (180.8(3) pm) and medium short bonds (186.7(3) pm) taking part in the very asymmetric M n -F -M n bridges. A survey of the M n -F -M n bridging angles, im portant for the magnetic superexchange interactions, shows that the value found for N aM nF 4 is in good agreement with a regular increase from LiM nF4 to C sM nF4 (Table III) . Considering the puckering type of the layer, i.e. the distribution pattern o f the bridging fluorine atom s above and below the manganese plane (Fig. 2) , it is interesting to note that accord ing to the alkali cation size, three different ar rangements of those fluorine atom s are induced; they are either aligned (in LiM nF4 and N aM nF 4), in a zigzag pattern (in K M nF 4 and R bM nF 4 [18] ), or building squares (in C sM nF4). The coordination of the Na ions deviates from a regular octahedron not so much regarding the N a -F distances ranging from 234 to 237 pm, but rather the angles which vary between 69.8 and 110.2 for the "right" F -N a -F angles.
M agnetism
In the magnetic measurements below 15 K, a re manent m agnetization was detected, and the varia tion of the magnetization M with H was roughly of the form;
The variation o f the magnetization extrapolated to zero field (M 0) with T (Fig. 3 a) led to a curve which does not fit well with a Brillouin function, especially in the transition tem perature region. Taking the ordering tem perature T N = 13 K from the results of neutron diffraction (see below Fig 5) , a probable curve for the three dimensional phase may be drawn (solid line). The flat sour above the ordering point (dotted line) may be attributed to 2-dimensional magnetic phenomena. We are now investigating this interesting regime by means of M össbauer spectroscopy on Fe doped samples. The thermal variation of the susceptibility (Fig. 3b ) gave 0p = -1 9 K, C = 2.93 and //eff = (Fig. 3 a) is consistent with weak ferromagnetism due to slightly canted spins.
Neutron D iffraction
A neutron diffraction pattern was recorded at 70 K in the paramagnetic region. The refinement confirmed the structure found by X-ray single crystal analysis with slightly different parameters due to the tem perature dependence (Table IV) .
Several patterns have been recorded in the range 4 -2 0 K in order to estimate the ordering tem pera ture. The extrapolation of the intensity of the (110) reflection as shown in Fig. 5 leads to T N = 1 3 ± 0 .5 K . In the 4 K pattern, additional reflec tions were observed and indexed with a propagalntenslty(arb.U nits) 
